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Table 1 Temperature of different environments and common low temperature media

Type Kelvin temperature/K

Room temperature
Solid carbon dioxide
Liquid natural gas (LNG)

Liquid oxygen (LO,)
Liquid nitrogen (LN,)
Liquid hydrogen (LH,)
Liquid helium (LHe)

Absolute zero

Celsius temperature/°C

296 23
195 =50
111 -162
90 -183
77 -196
20 253
42 -269

0 273
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Fig.1 Schematic diagrams of cryogenic friction testing device: (a) cryogenic liquid medium; (b) cryogenic gas medium; (c) cryogenic vacuum

medium™"!
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Fig.2 Schematic diagram of low temperature friction test rig!'"
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Fig.3 Surface color changes of 9Cr18 steel in three heating and cooling stages: (a) the first time; (b) the second time; (c) the third time!'®!
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Fig.5 Coefficient of friction versus sliding time (a); variation curves of wear rate with cryogenic temperatures (b); three-dimensional

morphologies (c) and cross-sectional areas (d) of worn surfaces at 233 and 113 K&
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Research Progress on Cryogenic Tribology of Several Common Metal Materials
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Abstract: In recent years, the rapid development of aviation industry, low temperature superconductivity, hydrogen energy power and other fields
has increased the demand for the reliability of equipment operation in low temperature environment. Low temperature will cause the failure of
lubricants and the deterioration of mechanical properties of metals, resulting in increasingly terrible lubrication problems. Metal materials are
confronted with the severe service environment of dry friction at low temperature. Therefore, the excellent friction and wear performance of the
material is a key factor to ensure the long-term stable operation of the mechanical equipment at low temperature. This paper describes the
challenges of low temperature lubrication, including low temperature lubrication failure and metal ductile-to-brittle transition. Then we introduce
the common low temperature friction environment of metal materials. Finally, the steel, titanium alloy, aluminum alloy and multi-principal
element alloy with excellent properties at low temperature are introduced, and the future development trend in this field is prospected.
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